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Objecdves. To establish the rate of spontaneous closure of atrial
septal defects diagnosed before age 3 months, 101 infants (mean
age 26 days) with an interatrial shunt confirmed by Doppler
echocardiography were followed up for an average of 265 ± 190
days.
Background. Even if interatrial shunts in the newlaorn are
frequently encountered, little is known about their natural his-
tory .
Methods. Defect diameter on two-dimensional echocardiogra-
phy and width of color flow jet were measured in the subcostal
view. Right and left ventricular diameters and atrial septal
curvature were also studied . Kaplan-Meier curves were obtained
to predict age of spontaneous closure in relation to initial defect
diameter .
Results . There was no significant correlation between the
diameter of the atrial sequel defect and right ventricularlleft
ventricular ratio or type of septal curvature (vertical or concave
toward the left atrium) . The classic predominance of girls over
boys was observed only for defects >5 mm. An overall rate of
The widespread use of Doppler echocardiography screening
in healthy newborns referred for innocent murmurs has
shown that the incidence of interatrial shunts in the neonatal
period might be as high as 24% to 59% (1,2) . Little is known
about the natural history of those shunts . Spontaneous
closure of atrial septal defects confirmed by catheterization
has been reported to occur in 33% to 75% of patients (3-6)
.
However, most studies have focused on subjects > 1 year old
at the time of diagnosis whereas the highest incidence of
spontaneous closure probably occurs earlier (5) . Two-
dimensional `diocardiographic studies performed without
Doppler mapping on a small number of subjects have shown
an incidence of spontaneous closure of defects detected at an
early age that ranges from 14% (7) to 92% (1).
The purpose of this study was to determine the incidence
of spontaneous closure of interatrial communications in a
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spontaneous Closure of 87% was observed. Frequency and timing
of closure were inversely correlated to atrial septal defect diame-
ter: closure occurcad in 100% (32 of 32) of defects in group I
(diameter < 3 name), 07m of defects (39 of 45) in group 2 (diameter
3 to 5 mm), 80% of defects (16 of 20) in group 3 (diameter 5 to
8 nom). Spontaneous closure did not occur in four t atients of
group 4 (defect ~0 mm) during an average follow-up interval of
417 days (range 294 to 597 days) .
C"oraclashu s . These results suggest that infants with an atriai
septal defect <3 mm need not be followed up as 100% of these
defects will be closed by age 18 months ; those with a defect 3 to 5
or 5 to 0 tutu should be ev unted by the end of the 12th and the
15th month, respectively, when >20% of these defects will be
closed. An atrial septal defect with a diameter ?8 min may have
little chance of closing spontaneously and the ibllity of surgical
correction should be considered . Defects <3 min probably do not
constitute a cardiac malformation in light of their natural evolu-
tion and gender distribution .
(J Am Coil Caardiol 1993,22 :851-3)
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large series of newborns and infants and relate it to the size
of the communication at presentation .
Methods
Study patients. The study group comprised 101 consecu-
tive asymptomatic newborns and infants (51 female and 50
male) referred for a cardiac murmur who had an interatrial
shunt detected by color Doppler echocardiography . Subse-
quently, all patients were followed up regularly with periodic
echocardiographic evaluations. Patients
with associated
heart malformations were exclud^d .
Echocardiographic siudies
. Two-dimensional, M-mode
and color Doppler mapping were performed on all patients
using an electrical sector scanner with a 5-MHZ transducer
(Hewlett-Packard HP-500) . Atrial septal defect diameters
obtained by both two-dimensional and color flow end-
systolic mapping were measured in subcostal four-cha amber
and sagittal views. In some cases, even when color Doppler
mapping allowed visualization of an interatrial shunt, the
small defect cc'ild not be well delineated by twc-dimensional
echocardiography
. The width of the color jet was then
considered to represent the size of the defect . The maximal
9735-1097/93156.00
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Table 1 . Spontaneous Closure and Follow-Up Duration of Atrial
Septal Defects in Groups I to 4
ASDs With
ASD - atrial septal defect
.
two-dimensional diameter obtained was used for calcula-
tions. Patients were classified into four groups according to
defect size at diagnosis : <3 mm (group 1), 3 to 5 mm (group
2), 5 to 8 mm (group 3) and 8 mm (group 4)
. Right and left
ventricular dimensions were measured on the M-mode trac-
ing in the parasternal long-axis view, and end-systolic cur-
vature of the interatrial septum was examined in the subcos-
tat four .chamber view .
Statistics . Mean values were compared using an unpaired
t test; correlation was determined by simple linear regres-
sion. A Kaplan-Meier curve was used to predict atrial septal
defect closure as a function of time for defects of different
size. A generalized Wilcoxon test was used to assess the
statistical differences between the different curves . Multiple
comparisons of the survival curves were then performed
using Bonferroni's procedure applied to the Wilcoxon test .
Results
The mean age at diagnosis was 26 t- 22 days (range 0 to
99), and an avenge of 2.4 echocardiograms were obtained
per patient. The mean follow-up duration was 265 days ±
IID (map: 7 to 800; this duration was similar for group 1
(<3 fam) and group 2 (3 to 5 mm), but was significantly
longer for group 3 (5 to 8 mm) and group 4 (2--8 mm) (Table
I). Most patients (1116) had a defect <5 mm ., whereas the
defect was 28 mm in only 4% . Sixty-two percent of defects
<3 mm were found in boys, whereas 60% of defects >5 mm
were encountered in girls .
The defect closed spontaneously in all patients of group I
in 87% of patients in group 2, in 80% of patients in group i
and in no patient of group 4. In all patients, the interatrial
shunt, as assessed by color flow mapping, was left to right .
In 11(34) of the 32 patients of group 1, no defect was seen
on the two-dimensional image but a clear color flow jet was
visible across the interatrial septum in both the sagittal and
the four-chamber subcostal views . The defect diameter on
the two-dimensional study correlated well to the width of the
colorjet across the interatrial septum (r = 0 .89, p < 0.0001) .
There was no relation between atrial septal defect diam-
eter and curvature of atrial septum . Two patients had an
interatrial septum aneurysm-one with an atrial septal de-
fect diameter of 6 .9 mm that closed spontaneously, the other
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Figure 1 . Percent of atrial septal defects (ASD) remaining open as a
function of time for the total group of 101 patients .
with a 3 .4 atrial septal defect that remained open . There was
no correlation between right ventricular/left ventricular ratio
and two-dimensional or color jet diameter (r = 0 .25, p = 0 .11
and r = 0 .27, p = 0 .06, respectively) . In each group right
ventricularileft ventricular diastolic diameter ratio was sim-
ilar in patients with or without spontaneous closure .
The probability of spontaneous closure of the defect as a
function of time for the total group of patients is shown in
Figure 1 . Only -8% of defects will remain open by age 20
months. The probability of spontaneous closure with time in
relation to initial diameter was also estimated (Fig . 2) . The
closure pattern differed significantly between group 3 and
groups I and 2 (p = 0.0001). The mean closure time in days
for each group is shown in Table 2 as well as the mean age
(days) at which 75%, 50% and 25% of defects in each group
were still open .
Figure 2 . Percent of atrial septal defects (ASD) remaining open as a
function of time according to initial defect diameter . Left curve =
defect diameter 0 to 3 mm (group 1, n = 32) ; middle curve = defect
diameter 3 to 5 mm (group 2, n = 45) ; right curve = defect diameter
5 to 8 mm (group 3, n = 20) .
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Group
(ASD diameter)
Spontaneous Closure
Days of Follow-Up
(mean ± SD ; range)
No . %
1 (<3 mm) 32 of 32 too
205 ± 174 ; 7 to 768
2 (3 to 5 mm) 39 of 45
87 253 ± 170 ; 49 to 804
3 (5 to 8 mm) 16 of 20
80 3541 ± 177 ;120 to 452
4 (>8mm) 0 of 4 0 417
± 142-,294 to 597
Total 87 of 101 87
265 ± 190, 7 to 84
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Table 2. Atrial Septal Defect Closure and latency by Group
Mean Closure Time
ASD ~ aivial sepial defect .
Discussion
Our results show a high (87%) incidence of spontaneous
closure compared with that in previous studies (3-7) . This
observation is not surprising considering the younger age of
our subjects (5) . As expected, the size of the defect at initial
examination was the most imporiant predictive factor : the
smaller the diameter, the more likely and the earlier was
defect closure .
A left to right shunt across the interatrial septum may
have several causes . It may be due to a septal defect
secondary to excessive resorption of septum iwimum or poor
growth of septum secundum (8) or to an incompetent fora-
men ovate that in turn can be linked to heart disease with left
atria] pressure overload (9-13) .
Previous studies have shown that two-dimensional
echocardiographic dimensions of the atrial septal defect are
well correlated with the actual anatomic size of the defect at
operation (14), and the use of Doppler color flow mapping
allows detection of small defects in the 2 .5 to 3-mm range
with serniquantitative estimation of shunt volume (15) . How-
ever, we did not try to differentiate an atrial structural defect
from functional incompetence of the septum primum be-
cause echocardiographic criteria for this differential diagno-
sis have not been defined .
Most patients of group I (defect <3 mm) probably had an
incompetent foramen ovate even if subjects with associated
heart disease had been excluded ; the female/male ratio of
0.6:1 in group I and spontaneous closure of the defect in all
patients in this group favors this hypothesis
. Because defects
>5 mm showed the expected predominance of female over
male patients, they probably represent true anatomic de-
fects .
Several mechanisms have been advocated to explain
spontaneous closure : downward growth of the septum se-
cundum (16), thrombotic plug formation (15), septal aneu-
rysm formation (17-19), fusion of valvelike openings (1)
. In
this study, two patients had an aneurysm of the atrial
septum-one with a 6 .9-mm atrial septal defect that closed
spontaneously, the other with a 3 .4-mm defect that remained
open. A gradual decrease in atrial septal defect diameter was
observed before final closure in group 3, which might point
to progressive concentric tissue growth . A longer follow-up
RADZIK ET AL .
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will probably show prevalence of atria[ septal defect spon-
taneous closure to be even higher .
Conclusions. We suggest that infants born with an atrial
septa[ defect <3 mm need not be followed up because
spontaneous closure will occur in all . Infants with an atrial
septal defect of 3 to 5 mm or 5 to 8 mm may need a second
echocardiographic study toward the 15th month of life when
87% and 80%, respectively, of defects will be closed . An
atria[ septal defect >8 mm has little chance of spontaneous
closure, and families of infants with such a defect should be
informed of the need for possible surgical correction later in
life .
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Mean Patient Age (days)
Group
(ASD diameter)
Mean Days to
ASD Closure
75% ASDs
Open
5014, ASDs
Open
25% ASDs
Open
1 (<3 mm) 132 52 99 222
2(3 to5mm) 212 65 132 227
3 (5 to 8 mm) 283 155 297
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